INTRODUCTION
The Acquired Immunodeficiency Syndrome (AIDS) is a chronic infectious disease. The first case was reported in 1981 by the Centers for Disease Control and Prevention (CDC) as an unexplained immunodeficiency characterized by the occurrence of opportunistic infections, and having the human immunodeficiency virus (HIV) as its etiologic agent (1) . At first, AIDS became known as the "gay plague" because it mainly affected a specific group of persons denoted "risk group" consisting of homosexual men, hemophiliacs and injecting drug users (2) . Starting in the 1990 decade, it was possible to observe a "feminization" of the epidemic, i.e., a considerable increase of HIV-infected women, more than 80% of them in reproductive age.
Three million women give birth in Brazil every year. Estimates obtained in a 2006 study have pointed out a 0.42% prevalence of HIV infection among pregnant women, corresponding to approximately 13,000 women (3) . In 2008, there were 33.4 million people living with HIV in the world, 2.1 million of them being children. In Brazil, 13,728 cases of HIV-infected children were notified from 1980 to June 2008, 84.5% of them infected by vertical transmission (4) . Among the forms of HIV contagion in children, vertical transmission from mother to child is the principal one, which may occur at three different times: during the intrauterine period through the maternal circulation, during delivery due to aspiration of blood or other secretion, and during the postpartum period due to breast-feeding. In most cases (65%), contagion occurs at the time of delivery and in the remaining ones (35%) transmission occurs during intrauterine life and during breast-feeding (3) . The clinical findings of HIV-infected children are nonspecific, with the clinical course of AIDS being more aggressive in this population, with a shorter latency period between infection and the onset of symptoms compared to adults (5) . The action of HIV in the organism of a child ranges from a decrease in immunity due to the destruction of CD4 cells, which makes an individual susceptible to opportunistic infection, to neurological alterations caused by the neurotropism of HIV in a developing brain (6) . The most common neurological alterations are retarded neuropsychomotor development, delayed language acquisition, mental deficiency, hyporeflexia, and pyramidal syndrome (7) . The incidence of these disorders ranges from 30% to 90% in pediatric patients, considering age, intensity and immunological involvement as important factors. Impairment of the motor, cognitive and behavioral levels varies according to brain maturation and time of onset of the neurological disease (8) . Among the many infections that can attack children with AIDS, those involving the upper airways, mainly sinusitis, otitis externa and otitis media, are responsible for the high incidence of conductive hearing deficits. Moreover, in these children hearing impairment may be related to other factors, among them the use of ototoxic medications and the damaging action of the virus itself on peripheral and central nervous structures. Thus, AIDS can be considered a risk factor for both peripheral and central hearing alterations (9, 10) . An early diagnosis is highly desirable since the occurrence of hearing deficiency in the first few years of life may cause important functional damage to the development of the child. The first years of life correspond to the period of greatest plasticity of the central nervous system (CNS), whose early stimulation promotes a better rehabilitation. Thus, hearing screening is to be recommended for all newborns whether or not they present risks of deafness, using an objective technique as the method of evaluation (11) (12) (13) . Transient-evoked otoacoustic emissions (TEOAE) represent a noninvasive and rapid procedure applicable at sites with no acoustic treatment, objective, and sensitive to hearing losses of mild to profound degree (uni-or bilateral). At present TEOAE correspond to the technique most indicated for hearing screening programs in populations at low risk for deafness (14) . Considering the risk of hearing losses in HIV-infected children, the current literature reports about intrauterine exposure and the changes these children may present in neurological exams and regarding neuropsychomotor development during the first years of life (7, 15) , the objective of the present study was to analyze the TEOAE of children born to HIV-seropositive mothers obtained as part of a newborn hearing screening (NHS) program, and to determine the association between hearing alterations and HIV exposure.
METHODS
The project was approved by the Research Ethics Committee of the University Hospital of Ribeirão Preto, Universdade de São Paulo (HCRP-USP), protocol no. 9107/2008. This was a retrospective study in which the authors analyzed the medical records of all neonates born to HIV-seropositive mothers between January 2005 and March 2010, and of all neonates with no hearing risk and not exposed to HIV born during the year of 2010 in the maternity of a University Hospital.
The neonates were divided into two groups as follows: -Research Group (RG): composed of 80 neonates (42 girls and 38 boys) born to HIV-seropositive mothers, who participated in the NHS program, born at term and with no risk factor for hearing according to the Joint Committee on Infant Hearing (11) . -Control Group (CG): composed of 167 neonates (89 girls and 78 boys) born in 2010 who participated in the NHS program, born at term and with no risk factor for hearing according to the Joint Committee on Infant Hearing (11) . The procedure adopted for NHS was the TEOAE test and the determination of the cochleopalpebral reflex (CPR). A portable Madsen® AccuScreen instrument was used for hearing screening.
The protocol included the following procedures: 1) The stimulus used was the nonlinear click at the intensity of 70 dBNPS, presented individually and separately to each ear. The frequencies from 1.4 to 4 kHz were tested. 2) The stability of the probe and the level of noise of the exam were checked on the dial of the equipment, where "A" (value of rejection of the artifact) and "S" (value of stability of J Soc Bras Fonoaudiol. 2011;23 (4):376-80 the stimulus) should indicate less than 20% and more than 80%, respectively. 3) PASS was the expected result (intact cochlear function) which indicated that the limits of "A" and "S" had not been exceeded. 4) The agogo musical instrument with a large bell stimulus elicited at approximately 100 dBNPS was used for the behavioral evaluation of the cochleopalpebral reflex. NHS was performed in a cabin with acoustic treatment in the Speech-Language Pathology and Audiology Sector. All neonates were evaluated during the first 28 days of life. At the time of the exam, they lay on their mother's or caregiver's lap, preferentially in the postprandial condition. The absence of TEOAE in one or both ears was considered to be a failure of NHS and the neonate was scheduled for a retest within approximately 15 days. When failure persisted at retest, the neonate was referred for audiologic diagnosis.
Neonates who had not been exposed to HIV, premature babies and babies who, in addition to having been exposed to the virus presented any other of the established risks for hearing, were excluded from the RG. Premature babies and those having any risk factor were excluded from the CG (11) . We analyzed 92 medical records of neonates born to HIV-seropositive mothers, but 12 neonates were excluded because they were preterm or presented some risks for hearing loss according to pre-established criteria (11) , with 80 neonates being left in the study.
The first TEOAE exam was performed, on average, on the 18 th day of life both in RG and C G neonates, since in our institution NHS is performed in an ambulatory service. The TEOAE retest was applied, on average, on the 36 th day. The data obtained were analyzed in a descriptive manner and statistical comparisons were performed using the Fisher exact test, with the level of significance set at de 0.05.
RESULTS
Of the 80 neonates exposed to HIV in utero, eight (10%) did not present TEOAE responses. Seven of the 167 CG neonates (4.2%) did not present TEOAE responses. There was no difference in number of neonates who failed NHS between RG and CG (Figure 1 ).
In the retest of RG neonates, only one (12.5%) failed again and was referred for audiologic diagnosis according to the protocol of the service. Two GC neonates (28.6%) failed the retest and were referred for audiologic analysis. No differences were observed between the two groups ( Figure 2 ).
All neonates studied presented a cochleopalpebral reflex, including those who failed the TEOAE test. Regarding the neonates of both groups who were referred for diagnosis after failing the retest, no hearing loss was detected in any case.
DISCUSSION
NHS involves behavioral and electrophysiological procedures for the early identification of hearing deficiency. If the screening is performed only in infants with indicators of risk of hearing deficiency, the condition will be identified in only 50% of cases. For this reason, universal screening is recommended (11, 12) . Programs of Universal Newborn Hearing Screening (UNHS) have been implemented since 1994, proposing that all babies be evaluated by three months of age and that intervention be started before six months of age in cases of a diagnosis of deafness (11) (12) (13) . UNHS is not yet a reality throughout Brazil, with only 20% of low-risk babies and 80% of high-risk babies being screened in some places (14) . The incidence of bilateral hearing loss is estimated at three for every 1,000 births among healthy newborns and at about 2 to 4% among newborns from Intensive Care Units (12) . In Brazilian studies, the confirmation of hearing loss in babies ranges from 0.3 to 1.8% of the infants screened, while the rate of adequate responses to NHS in both ears (test or retest) is 90% to 98% among no-risk newborns (16, 17) , in agreement with the data of the present study.
The time when cochlear function starts is variables, possibly occurring early during intrauterine life, or later, after birth. In addition, knowledge about the active processes that occur in the cochlea and culminate with the transduction of the mechanical signal to the electrical one have also led to the understanding that these processes are not fully developed at the beginning of cochlear activity. Maturation occurs slowly over a period of a few weeks after the beginning of the functioning of the inner ear, with the development of the contractile capacity of outer hair cells (OHCs), the adjustment of the tune curves of spiral ganglion neurons and of cochlear neurons, and the development of otoacoustic emissions (18) . We cannot rule out the possibility that the reasons for the lack of responses in the first test observed in the present study may have been related to difficulties in the sealing of the external acoustic meatus or to the presence of vernix caseosa in the conduit. However, we should consider the question of hearing maturity and we should suspect that this initial lack of responses may have also been the result of immaturity of the contractile capacity of the OHCs. Thus, in the TEOAE retest performed about 15 days after the first test, the responses were present.
Various studies have already investigated the direct and indirect effects of HIV on the central nervous system of vertically infected children and have reported important manifestations such as delayed neuropsychomotor development, delayed language acquisition, and cognitive changes. However, we already know that the effects of HIV on neurodevelopment go beyond a direct action of the virus on the central nervous system due to the viral neurotropism for neuronal cells (7,8,19,20.22) . It should be pointed out that that there are additional factors related to AIDS that may interfere with neurodevelopment, such as maternal factors (stage of maternal disease, opportunistic infections related to AIDS, nutritional status, and use of drugs and alcohol), intrauterine factors (prematurity, neonatal anoxia, intrauterine malnutrition, congenital and perinatal infections), and environmental factors (precarious socioeconomic condition, family disorders, being an orphan, and frequent hospitalizations) (7, 8, (19) (20) (21) (22) . On this basis, the pediatric consensus of the Health Ministry recommends that all babies born to HIV-infected mothers should be attended in specialized units at least until the definition of their diagnosis. Those found to be infected should continue to be monitored in these units, while those who are not infected can be referred for follow-up at basic health units. The committee recommends that even non-infected children should be followed up periodically until the end of adolescence, not only because they were exposed to HIV, but also because, during intrauterine life and the first months of life, they were exposed to antiretroviral drugs whose possible effects on the central nervous system and consequently on childhood neurodevelopment are still unknown (23) (24) (25) (26) . The newborns exposed to HIV during intrauterine life do not necessary acquire the virus and develop the disease. In the absence of any intervention, vertical HIV transmission reaches a frequency of 25 to 30%. With the institution of prophylactic measures aiming at the reduction of vertical transmission (universal offer of the anti-HIV test with pre-and post-test counseling, administration of antiretroviral medicine to pregnant women and to their newborns during the first six weeks of life, replacement of breast-feeding and choice of the route of delivery) it is possible to reach rates as low as 1.0 to 2.0% (27) . Taking into consideration the rate of vertical transmission, we may assume that, among the children evaluated in the present study, a reduced number will really be infected with HIV, a fact that may explain the absence of an association between NHS changes in the RG. However, it is important to mention that even children with a confirmed diagnosis of HIV seropositivity may present adequate responses to NHS since the action of the virus and of antiretroviral drugs on the auditory pathways does not occur immediately after infections.
HCRP-USP provides audiologic follow-up regardless of NHS result until the diagnosis is confirmed, a fact that occurs at about 18 months of age. If the child is not HIV infected and does not present any other risk factor for hearing loss, he is discharged from the Speech-Language Pathology and Audiology Sector. If HIV seropositivity is confirmed, the child continues to be submitted to periodic audiologic exams. This is done because it is common to identify conductive hearing loss due to changes in the ears (28) (29) (30) and sensorineural hearing loss due to the direct action of the virus or of antirretroviral drugs (8, 9) . In addition, changes in the hearing process are common, with some authors suggesting that HIV infection should be considered as a risk factor for hearing changes (30) . The introduction of antiretroviral therapy for the treatment of AIDS is causing an increasingly larger number of children and adolescents to live with the disease and with quality of life. On this basis, the epidemic is posing new challenges: with the use of antiretrovirals since birth, what will be the consequences for hearing function when these children reach adult age? And when they are vertically infected?
In view of the above data, we emphasize that treatment of children with AIDS should be performed by an interdisciplinary team so that all aspects involving HIV-infected infants may be considered. The prognosis regarding the quality of life of these children depends on a clear understanding of the disease on the part of the whole team and on frequent updates, demonstrating the importance of a larger number of studies in all professional areas involved in the care for this population.
CONCLUSION
We observed no association between HIV exposure during pregnancy and the absence of otoacoustic emissions. Neonates born to HIV-seropositive mothers did not present changes in cochlear function. We recommend an audiologic follow-up of these children until at least the time of confirmation of the diagnosis since HIV-infected children present various factors that predispose them to alterations of the central and peripheral auditory system.
